Neighborhood walkability is increasingly perceived as an effective way to support individuals' health, since living in a walkable environment is associated with increases in utilitarian walking. Yet, while people are more likely to walk in more walkable neighborhoods, increased walkability can also lead to walking shorter distances, thus mitigating the positive health outcomes associated with walkable environments. Given that the World Health Organization recommends physical activity to be performed in sessions of at least 10 minutes, the aim of this research is to explore the relationship between neighborhood walkability and individuals' likeliness of walking in sessions of at least 10 minutes. A multilevel logistic regression is generated using data from the Montreal, Canada, 2013 Origin-Destination Survey. The results show that the probability of walking at least 10 minutes for shopping purposes is equally high in the 80-89 and 90-100 Walk Score neighborhoods. In contrast, car ownership is a strong predictor of walking at least 10 minutes, especially in higher Walk Score neighborhoods. These findings suggest that transport policies aimed at reducing car ownership, combined with land use policies, can be most effective in supporting the minimal 10-minute sessions of walking for shopping purposes. This study provides a nuanced assessment of walkability and is of relevance to researchers and planners wishing to assess and develop policies for increasing health benefits through active transportation.
Introduction
Increasing attention is given to neighborhood walkability as a way to improve individuals' health, since living in a walkable environment is associated with increases in utilitarian walking (Cervero & Kockelman, 1997; Manaugh & El-Geneidy, 2011; Owen, Humpel, Leslie, Bauman, & Sallis, 2004; How much is enough? Assessing the influence of neighborhood walkability on undertaking 10-minute walks Dasgupta, Eluru, & Ross, 2015) . Yet, while research has shown that people are more likely to walk in more walkable neighborhoods, increased walkability can also lead to walking shorter distances, thus mitigating the positive health outcomes associated with walkable environments. This trade-off is illustrated in Figure 1 , which represents walking behavior for shopping purposes in the Montreal Census Metropolitan Area, Canada. As Walk Score (a commonly used walkability index) increases, the proportion of individuals walking increases, but the average distance walked by those individuals decreases. Given that the World Health Organization recommends physical activity to be performed in sessions of at least 10 minutes to result in positive health outcomes (World Health Organization, 2010) , the aim of this research is to identify which Walk Score category is associated with a greater proportion of people undertaking walking trips of at least 10 minutes for shopping. This study is of relevance to researchers and planners wishing to assess and develop policies for increasing health benefits through active transportation. 
2

Data and methods
This study explores the relationship between neighborhood walkability and individuals' likeliness of walking in sessions of at least 10 minutes in the Montreal Census Metropolitan Area (CMA), combining Walk Score data (Walk Score, 2016) and data from the 2013 Origin-Destination (OD) Survey (Agence Métropolitaine de Montréal, 2013) .
The Walk Score data was retrieved in 2013 from the Walk Score website using the Walk Score API. Walk Score assigns a rank between 0 (low walkability) and 100 (high walkability) based on population density, street connectivity, block lengths and proximity to amenities such as grocery stores, restaurants, bars and schools. Amenities are weighted using a distance-decay function. It is important to note that, as street connectivity was incorporated into Walk Score after 2013, our data does not account for this factor. Given its proprietary nature, the exact algorithm of Walk Score is unknown. Nevertheless, it is widely used by researchers as Walk Score is available online. This allows a direct comparison of the results of various studies based on a common index. Furthermore, while other indices of walkability have been developed by researchers, previous studies have shown that Walk Score is highly correlated with other walkability indices (Manaugh & El-Geneidy, 2011) . Accordingly, and since Walk Score provides an easy-to-communicate measure of walkability, this study uses Walk Score.
The 2013 OD survey is a trip-based dataset that provides information about all trips made by all individuals in a household in a day. Trip information includes mode, purpose, origin and destination. Since Walk Score mainly captures access to local amenities, this study focuses on shopping trips. Also, given the availability of data, only home-based shopping trips are selected. The data is then aggregated at the individual level to create the variable of interest to this study: whether an individual did a least one shopping trip of at least 10 minutes (850m) by walking. The distance walked is calculated based on the street network distance, and only individuals who did at least one home-based shopping trip, by any mode, are included in the sample. Finally, each individual is assigned a Walk Score based on his or her home location.
To assess the likelihood of an individual making at least one walking trip of at least 10 minutes for shopping purposes, a multilevel logistic regression is conducted. As done in previous studies (Wasfi, Ross, & El-Geneidy, 2013; Witten et al., 2012) , individuals are placed in neighborhoods (96 municipal sectors in this study) to account for any differences imposed by the neighborhood, and not controlled for through the Walk Score. For example, neighborhoods might exhibit differences in terms of perceived safety, presence of vegetation or cultural habits, which likely influence individuals' travel behavior beyond the variables controlled for in this study. We accordingly hypothesize that behavior will be clustered within neighborhoods, since we do not account for every neighborhood factor that could affect behavior. The regression is thus performed at the individual and neighborhood levels.
The independent variables included in the model are presented in Table 1 . Income, personal and household characteristics are derived from the 2013 OD survey. Walk Scores are grouped in six categories. As we are specifically interested in the variations between the middle and highest Walk Scores and given the lower number of individuals in the lower Walk Scores, all Walk Scores below 50 are grouped into one category, and the reference category is the highest Walk Score (90-100).
To control for household characteristics, income and car access are included in the regression models. The number of cars per households was obtained from the 2013 OD survey, and was used to derive whether individuals have access to a car. The income data was also obtained with the 2013 OD survey. Income was included to isolate the effect of car access, which decreased by about 5 % after including income. This was done through a step-wise process and the model remained stable throughout the process. While car access and income are typically highly correlated, the correlation coefficient between car access and income is relatively low in our study (0.398) . This is partially due to the use of categorical variables. Car access is also expected to be correlated with Walk Score. In our sample, the proportion of individuals with car access is increases as Walk Score decreases: 12% of individuals residing in Walk Score 90-100 have access to a car, compared to 62% in the lowest Walk Score neighborhood. Nevertheless, the correlation between the two variables was tested (0.381) and a stepwise process was used to confirm the stability of the model.
Furthermore, an activity bias variable (whether an individual made at least one trip by walking or cycling, for a purpose other than shopping) was created to control for physical activity habits of individuals. Furthermore, sex, age, whether an individual is employed full-time, and household size were included. The likelihood ratio test for the multi-level analysis was found to be statistically significant in both models ((Prob > Chi2) < 0.05), hence supporting the use of a multilevel analysis. The likelihood ratio test compares the log likelihood of the multilevel model with the equivalent single-level model, and indicates whether the log likelihood values of the models are statistically different. Our results show that the log likelihood values of the multilevel models are statistically different from the single-level models (and closer to zero).
The relationship between Walk Score and walking behavior for shopping purposes was also tested using a multilevel Poisson model. The same independent variables were used, but the dependent variable was defined as the number of walking trips of at least 10 minutes for shopping purposes. The results were consistent with the results of our multilevel regression model predicting the likelihood of an individual undertaking a walking trip of at least 10 minutes for shopping purposes: for all variables, the direction and significance (sig < 0.01, sig < 0.05 or sig < 0.1) of the coefficient was the same.
Results
The results of the logistic regression modelling the likelihood of an individual undertaking a walking trip of at least 10 minutes for shopping purposes are presented in Table 2 . Interestingly, the odds of undertaking such trip is not statistically different for individuals residing in neighborhoods with Walk Scores between 70-79 and 80-89 than for individuals residing in the most walkable neighborhoods (Walk Score 90-100). Importantly, the odds ratio associated with the 80-89 Walk Score variable is 0.98, highlighting a negligible effect compared to the highest Walk Score category. In other words, holding all other variables constant, individuals residing in Walk Score 80-89 are as likely as individuals residing in Walk Score 90-100 to walk at least 10 minutes for shopping purposes. Furthermore, car access is a strong and statistically significant predictor of making a walking trip of 10 minutes or more for shopping purposes. Individuals having access to a car are much less likely to undertake a walking trip of 10 minutes for shopping purposes. Within the same Walk Score category and holding all other variables constant, the odds of walking at least 10 minutes for individuals without car access are 55% lower than for individuals with car access. A variable controlling for the number of car per household, instead of a dummy variable for car access, was also tested. The results were consistent with the models presented below, although the effect the "number of car" variable was slightly lower. For example, every additional car in an individual's household was associated with a reduction of 52% in the odds of walking at least 10 minutes for shopping purposes, compared to a 55% reduction for individuals that have access to at least one car. With respect to income, individuals with a household income greater than $60,000 have greater odds than the reference group (household income below $30,000). Age, household size and full-time employment are all significant predictors and are negatively associated with walking, while activity bias is positively associated with walking, as expected. Sex is not a significant predictor of the odds of walking at least 10 minutes in this study.
For comparison purposes, the odds of walking regardless of the duration were also modelled using the same methodology, and the results are presented in Table 2 (right). The results show that greater odds of walking are associated with higher Walk Scores, as found in the literature (Wasfi et al., 2015) . With respect to the control variables, car access, higher income, age, greater household size, full-time employment, and activity bias are significantly associated with lower odds of walking, which is consistent with the literature (Manaugh & El-Geneidy, 2011; Wasfi et al., 2015) . With respect to the gender, whereas Wasfi et al. (2015) found that women are more likely to walk for utilitarian purposes than men, our study shows no statistical significance regarding the odds of walking for shopping purposes.
The intra-class coefficient (ICC) represents the clustering within the neighborhoods. In our study, the ICC are very low (0.02 and 0,04), suggesting that the odds of walking (and odds of walking at least 10 minutes) is only minimally correlated within neighborhoods. Nevertheless, the results of the likelihood-ratio test (Prob > chi2) confirm that that the neighborhoods should be controlled for to avoid estimation biases. In other words, although the correlation within neighborhoods is minimal, such correlation does have an effect on the estimation of the models. As highlighted by Rabe-Hesketh and Skrondal (2012), not accounting for clustering of the data can result in incorrect estimation of the model.
Predicted probabilities
To illustrate the findings discussed above, the predicted probabilities are presented in Figure 2 for individuals with and without access to a car, for each Walk Score category. The first graph (top) shows the probability of an individual walking for at least 10 minutes for shopping purposes, while the second graph (bottom) shows the probability of an individual walking for shopping purposes. Firstly, the results show that the probability of walking at least 10 minutes for shopping purposes is much lower than the probability of walking regardless of duration. From a health perspective, it is hence essential to look beyond the commonly discussed frequency of walking or proportion of individuals walking and look into the duration of walking. Secondly, while the probability of walking for shopping steadily increases with Walk Score, the probability of walking at least 10 minutes for shopping purposes plateaus as Walk Score reaches 80-89. Thirdly, the results suggest that car ownership has a greater effect than Walk Score on the probability of walking at least 10 minutes for shopping purposes, especially in higher Walk Score neighborhoods. For example, the probability of walking at least 10 minutes for an 
Policy implications
Overall, the results suggest that the influence of neighborhood walkability on walking at least 10 minutes for shopping purposes increases up until Walk Score 80-89. The probability is then equally high in the 80-89 and 90-100 Walk Score neighborhoods. In contrast, car access (as well as number of cars in a household) are strong predictors of walking at least 10 minutes, especially in higher Walk Score neighborhoods. These findings suggest that land use policies need to be combined with transport policies aiming at reducing car ownership to be most effective in supporting the minimal 10-minute sessions of walking for shopping purposes. While the highest Walk Score category is often perceived as optimal by planners, aiming for a Walk Score between 80-89 would offer the same results in terms of 10-minute walking sessions for shopping, and would require less substantial land use changes. Where approximately 50% of the individuals in the sample of this study reside in areas with a Walk Score between 50 and 79, moderate land use changes accompanied by complementary transport strategies to reduce car ownership in these neighborhoods is likely to positively affect walking in the Montreal CMA, while taking into account the current land use. Furthermore, within boroughs with a middle to high Walk Score, reduction in car ownership could significantly increase the number of people walking at least 10 minutes for shopping purposes without any modification to the land use.
Although walkability itself is associated with lower car ownership, other factors have been shown to significantly influence the number of carless households. Namely, recent research has found that car-sharing is strongly associated with a reduction in car ownership (Martin & Shaheen, 2011; Martin, Shaheen, & Lidicker, 2010; Ter Schure, Napolitan, & Hutchinson, 2012) . Accordingly, policies supporting the expansion of car-sharing programs outside of central neighborhoods, and supporting the participation in such programs, could be beneficial from a health perspective. Ter Schure et al. (2012) have also demonstrated that unbundled parking, combined with access to car-sharing, significantly reduces car ownership. In this regard, various parking policies can be explored as a way to discourage households from purchasing a vehicle. Furthermore, improving transit services in a neighborhood can contribute to reducing car ownership as greater accessibility to jobs by transit leads to lower amount of vehicles per capita (Gao, Mokhtarian, & Johnston, 2008) . In sum, multiple transport policies can be implemented as a way to reduce car ownership and support healthy walking behavior in various walkable environments.
There are some limitations to this study. Firstly, this study does not control for self-selection, which refers to the effect of residential location choice. For example, individuals that are inclined to walking might decide to move to areas that support this behavior. Accordingly, our results likely overestimate the relationship between the built environment and walking. Nevertheless, in a review of 38 studies on travel behavior, Cao, Mokhtarian, and Handy (2009) found that all 38 studies showed a significant influence of the built environment after controlling for self-selection. Future studies could use longitudinal data to further isolate the effect of the built environment on walking for shopping purposes. Secondly, this study measures walkability through the Walk Score index, which does not capture all attributes of the built environment that support walking. Other factors, such as presence of sidewalks and trees affect the walkability of a neighborhood, as demonstrated in a previous study (Herrmann, Boisjoly, Ross, & El-Geneidy, 2017) . Furthermore, our 2013 data does not account for street connectivity. It is also important to acknowledge that this study is limited to home-based shopping trips. Further studies would benefit from incorporating various trip purposes and origins as well as other factors of the built environment to demonstrate a broader relationship between walking behavior and walkability. Nevertheless, this study brings a practical perspective on how to support the achievement of the 10-minute bouts of walking through a combination of land use and transport policies, and provides a nuanced understanding of desirable levels of walkability.
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